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Background: The relationship between long working hours and body weight outcomes 
remains inconclusive, thus we conducted a meta-analysis to assess the effect of long working 
hours on weight-related outcomes. 
Methods: PubMed and Embase databases were searched from their inception to June 2019. A 
random-effects model was used to assess the pooled odds ratio (OR) and corresponding 
confidence interval (CI). Subgroup analyses and sensitivity analyses were conducted to 
explore sources of heterogeneity. Publication bias was evaluated by the Begg’s and Egger’s 
tests. 
Results: A total of 29 articles involving 374,863 participants were included. The pooled OR 
of long working hours on weight-related outcomes was 1.13 (95% CI: 1.07-1.19). In subgroup 
analysis stratified by definition of outcomes, the pooled ORs of long working hours on 
“Weight gain/ BMI increase”, “BMI≥25 kg/m2”, and “BMI≥30 kg/m2” were 1.19 (95% CI: 
1.02-1.40), 1.07 (95% CI: 1.00-1.14), and 1.23 (95% CI: 1.09-1.39), respectively. We found 
evidence of publication bias, but correction for this bias using the trim-and-fill method did not 
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alter the combined OR substantially. 
Conclusion: There was evidence to suggest that long working hours are associated with 
adverse weight-related outcomes. Preventative interventions such as improved flexibility and 




After the International Labour Organization (ILO) convention (C001) introduced a maximum 
working time of eight hours per day and forty-eight hours per week in 1919, the reduction of 
the legal working week has been widely adopted around the world.1 Driven by legislation, 
shorter working hours have become a general trend.2 However, approximately one-third of the 
world’s workforce still works more than 48 hours per week.3 The Organization for Economic 
Cooperation and Development (OECD) found that the largest proportion of employees were 
working 40 hours or more per week in most member countries.4 Nowadays, long working 
hours are considered to be a key factor in contributing to weight change, especially weight 
gain and total body obesity as measured by body mass index (BMI).5-8 
Obesity not only results in multiple health problems for individuals, but is also a growing 
public health issue worldwide. There were 39% of adults classed as overweight in 2016, and 
13% with obesity according to the World Health Organization (WHO).9 Previous studies have 
shown that working long hours has adverse effects on health and behavior, such as 
cardiovascular disease,10-12 type 2 diabetes,13 miscarriage,14 mental health disorder15, 16 and 
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alcohol misuse.17 A number of epidemiological studies have explored the role of long working 
hours on weight-related outcomes such as weight gain, overweight, and obesity. However, the 
results are inconclusive and controversial.6-8, 18-33 A previous review conducted by Solovieva 
et al.34 found a weak association between long working hours and weight gain, but it did not 
use quantitative methodology to assess the pooled effect estimates. Therefore, we performed a 





This systematic review and meta-analysis was conducted according to the Meta-analysis of 
Observational Studies in Epidemiology (MOOSE) guidelines.35 Two authors (Y.Z. and J.X.L.) 
independently searched PubMed and Embase databases from their inception to June 2019 to 
identify eligible original studies. Relevant search terms are provided in the supplementary 
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table. Additionally, reference lists of all eligible articles were manually searched by two 
authors (Y.G. and J.X.L.). Any disagreements were resolved through consultation with a third 
investigator (Z.X.L.). 
Selection criteria 
Studies that met all of the following criteria were included in this review: (i) the article was 
published in English; (ii) the study design was cohort, case–control or cross-sectional; (iii) the 
study reported an association between long working hours and weight-related outcomes (i.e. 
weight gain, BMI increase, overweight and/or obesity); (iv) the study provided odds ratios 
(ORs) or risk ratios with 95% confidence intervals (CIs) or offered sufficient data to calculate 
them. Letters, reviews, clinical trials, animal studies, commentaries or editorials were 
excluded. 
In this study, weight-related outcomes were: weight gain, BMI increase, overweight and/or 
obesity. Overweight/obesity was defined using the WHO36 criteria of BMI greater than or 
equal to 25 kg/m2. Weight gain or BMI increase was defined as body weight having increased 
during the period of investigation. Based on the criteria of the ILO,37 normal weekly working 
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hours were defined as working for 35-40 hours per week, a standard which has been 
extensively adopted in many countries. Therefore, we considered ‘long working hours’ to be 
working beyond this standard. 
Data extraction 
We extracted the following characteristics from included studies: name of first author, year of 
publication, country, characteristics of participants, definition of outcomes, exposure group 
and reference group, number of participants, and covariates adjusted for in the statistical 
analysis. 
Quality appraisal 
The National Institutes of Health’s Quality Assessment Tool for Observational Cohort and 
Cross-Sectional Studies was used to evaluate quality of studies.38 The scale included 14 items 
and each item scored one point if achieved. Each item had three response options including 
‘yes’, ‘no’ and ‘other’. ‘Other’ had three meanings including ‘cannot determine’, ‘not 
applicable’, and ‘not reported’. All studies were independently appraised by two authors (Y.Z. 
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and J.X.L.), and inter-observer agreement (κ) was 0.872. Disagreements on quality 
assessment were resolved by discussion with the third author (Z.X.L.). 
Statistical analyses 
In this meta-analysis, seven studies6, 18, 21, 24, 27, 33, 39 provided information on working hours 
that were not on a weekly basis, so we converted them as Kazuhiro et al.16 did: working hours 
per day were multiplied by 5; working hours per month were divided by 4; and overtime per 
month was divided by 4 and then 40 was added to this result. Importantly, in this primary 
analysis, we combined the estimates using a fixed-effects model to obtain an overall estimate 
in the primary analysis, if studies (i) reported ORs for weight-related outcomes in several 
categories of long working hours; (ii) reported ORs of weight-related outcomes for long 
working hours by gender; (iii) reported ORs of weight-related outcomes for long working 
hours at different activity levels; (iv) reported ORs of weight-related outcomes for long 
working hours by type of occupation.40 
A random-effects model was used to pool the effect estimates. We used I2 statistic to assess 
heterogeneity across studies. Subgroup analyses were conducted to explore the potential 
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sources of heterogeneity, and were stratified by gender, location, occupation type, cut-off 
point of long working hours (>48 hrs/wk), quality score, study design, and definition of 
weight-related outcomes. We also conducted sensitivity analyses to examine the robustness of 
pooled risk estimates. The Begg’s test and Egger’s test were used to evaluate publication bias. 
All statistics in this study were performed using STATA.11.0. All tests were two-sided and a P 




Figure 1 shows the process of study selection. Initially, we reviewed 10,301 articles, with 
4,890 from PubMed, and 5,411 from Embase. After removing duplicates and screening by 
title and abstract, there were 80 articles remaining for full text assessment. Of these, four 
articles were interventional or experimental trials; 45 articles were excluded because the 
association of interest had not been evaluated; two articles reported results from the same 
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study population. Finally, 29 eligible articles (21 cross-sectional studies and 8 cohort studies) 
were included in this meta-analysis. 
Characteristics and quality of the included studies 
Table 1 presents the basic characteristics of the 29 studies. Studies were published between 
2006 and 2018. Data were available from 374,863 employees. The studies were from the 
following countries such as the United States,6, 7, 22, 23, 26, 41 South Korea,8, 28 Japan,27, 29, 32, 33, 39, 
42 Brazil,25, 30 Italy,19 Finland,29, 43-46 the United Kingdom,29, 46 Saudi Arabia,18 Serbia,20 
Australia,24, 31, 47, 48 Denmark,46 Sweden,46 and Canada.49 Six studies8, 18, 20, 22, 26, 47 reported 
results for females, two6, 27 reported results for males, eleven studies7, 19, 21, 23, 24, 31, 32, 41, 42, 46, 48 
reported results for both males and females, and the remaining ten studies25, 28-30, 33, 39, 43-45, 49 
reported results for males and females separately. Twenty-three studies7, 8, 18, 19, 21-24, 28, 29, 31-33, 
39, 41-49 were conducted on populations with mixed occupations. Two studies25, 26 focused on 
nurses, and one20 focused on physicians. Of the four remaining studies, three27, 29, 30 were 
conducted on civil servants, and one6 focused on truck drivers. The majority of studies 
adjusted for confounders but five studies18, 27, 30, 39, 47 did not. Table 2 reports the quality scores 
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of the 29 studies which ranged from 6 to 12 (out of 14 points). The average score of all 
articles was 8.3 points. 
Association between long working hours and weight-related outcomes 
A total of 29 articles were included in this meta-analysis. Figure 2 shows the pooled effect 
size for weight-related outcomes in relation to long working hours. The pooled OR was 1.13 
(95% CI: 1.07-1.19, I2 = 75.7%, P < 0.001) for the association between long working hours 
and weight-related outcomes. 
Subgroup analyses 
Subgroup analyses were used to identify the potential sources of heterogeneity and examine 
the stability of the relationship between long working hours and weight-related outcomes 
across different study categories. Table 3 shows the subgroup analyses stratified by gender, 
geographical location, occupation, cut-off point of long working hours, definition of 
weight-related outcomes, study design, and quality scores. All subgroups had positive 
associations between long working hours and adverse weight-related outcomes. 
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Regarding type of occupation, studies that focused on civil servants and healthcare workers, 
showed similar risks of adverse weight-related outcomes compared with those focused on 
populations with mixed occupations. There were no significant differences between different 
geographical locations. 
The cut-off point of 48 hours per week, the maximum working time per week set by the 
ILO (C001), was selected as the upper threshold of long working hours. To further investigate 
whether there were possible dose-response associations between long working hours and 
weight-related outcomes, we performed meta-analysis stratified by cut-off point of long 
working hours. The pooled effect among those who worked more than 48 hours per week was 
similar to those who worked less than or equal to 48 hours per week. 
Sensitivity analyses 
In order to examine the robustness of primary results, sensitivity analyses were conducted. A 
similar result (OR = 1.13, 95% CI: 1.04-1.22) was found when we only pooled the results of 
studies whose participants excluded part-time workers (less than 35 hours per week).8, 21, 23, 24, 
28, 32, 46-49 When excluding five studies18, 27, 30, 39, 47 that did not adjust for any confounding 
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factors, the summarized estimates did not substantially alter (OR = 1.15, 95% CI: 1.08-1.23). 
After omitting each study in turn, the pooled OR was persistent with a narrow range from 
1.12 (95% CI: 1.06-1.17) to 1.14 (95% CI: 1.08-1.21). The sensitivity analyses showed our 
findings were stable. 
Publication bias 
Visual inspection of the funnel plot showed asymmetry (Figure 3). The Begg’s test (P = 0.035) 
and Egger’s test (P < 0.001) suggested that there existed significant evidence of potential 
publication bias. Using the trim-and-fill method to assess the impact of any potential 
publication bias, we found that seven potentially missing studies would be needed to obtain 
funnel plot symmetry for long working hours (Figure 4). The correct OR using the 
trim-and-fill method was 1.09 (95% CI: 1.03-1.16; random-effects model, P = 0.005). 






To the best of our knowledge, this is the first meta-analysis to evaluate the association 
between long working hours and various weight-related outcomes. This meta-analysis 
included 29 studies involving 374,863 participants. Evidence from the included studies 
suggests that long working hours may be a risk factor for adverse weight-related outcomes.    
The underlying mechanism might be changes in lifestyle factors including: dietary pattern, 
sleep time and physical activity. Firstly, it has been suggested that long working hours are 
positively linked to poor dietary behaviors, including skipping breakfast, eating out, eating 
instant food, overeating, and fast eating.50 These unhealthy eating habits are recognized as 
factors in the development of weight gain and obesity.51 Secondly, it is possible that working 
long hours limits physical activity, resulting in fat accumulation.23 Finally, observational 
studies have shown that long working hours are significantly associated with sleep 
deprivation.52-55 During sleep several hormones such as leptin and ghrelin which regulate 
appetite are secreted.56 Sleep reduction or deprivation could alter levels of leptin and ghrelin, 
increase appetite and cause a subsequent increase in food intake.57, 58 The disruption to 
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metabolism and energy balance would in turn contribute to obesity.59 Stress might be another 
factor mediating the effect of long working hours on weight gain and obesity.60 Under chronic 
stress, the hypothalamic-pituitary-adrenal (HPA) axis, which plays a key role in the regulation 
of energy homeostasis and feeding behavior, might be disrupted,28 adversely affecting energy 
homeostasis and food intake, reducing lean body mass and increasing production of adipose 
tissue.8, 61, 62 
Subgroup analysis showed that similar positive associations were found in both male and 
female employees who worked long hours. However, a previous systematic review conducted 
by Solovieva et al.34 indicated that long working hours had an effect on weight gain, 
especially among males. One possible explanation for the different outcome is changes in the 
labor market.25 An increasing number of females have entered the labor market in most 
OECD member countries.63 Compared with male employees, female employees are more 
likely to need to balance multiple work obligations together with family responsibilities such 
as child rearing and caregiving.64-66 Women may have less time to access healthcare services, 
in addition to less time for healthier lifestyle behaviours such as preparing healthy food and 
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physical activity, which may lead to poorer health outcomes.67 In 2019, a report published 
from the ILO suggested that employers should consider how to better manage the demands of 
balancing work and family life of employees, especially for female employees.3 A good 
work-life balance is central to employee’s effectiveness and satisfaction, and may eventually 
improve employee health and wellbeing. 
There is a growing awareness that working long hours could be harmful to health and 
legislation to limit work time has been implemented in many organizations and countries, 
however overtime work cannot be fully avoided.12 For example, employers increasingly offer 
flexible work-time arrangements,68, 69 and time of work at home was hard to estimate. We did 
not investigate whether these individuals worked beyond the standard work time. Hence, 
further studies examining the relationships between flexible working schedules and 
employees’ health are needed. 
Weight gain and obesity are growing public health problems, and our study provides 
possible evidence of an association between long working hours and adverse weight-related 
outcomes. We suggest that employees who work long hours should pay more attention to 
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body weight change. 
Study strengths and limitations 
Our study has several advantages. This meta-analysis fills an important research gap by 
comparing long working hours with weight-related outcomes. Subgroup analyses and 
sensitivity analyses indicated that our findings were reliable and robust. Our study also had 
some limitations. Firstly, most articles (21/29) included in our review were cross-sectional in 
design which limited our ability to prove causality between long working hours and 
weight-related outcomes. More prospective cohort studies with larger samples would be 
beneficial to future research. Secondly, the definition of long working hours and the reference 
cut-off points varied across included studies. It was difficult for us to identify a scientific 
cut-off point of long working time that led to weight-related outcomes. A consistent definition 
of long working hours is needed. Moreover, we recommend that future studies use a standard 
work time of 35-40 hours per week as a reference for normal working hours, to enable more 
precise comparisons across studies. Thirdly, adjustment for confounding factors differed 
across studies which might influence findings; thus, we used the multivariable-adjusted OR 
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and its 95% CI for each included study and recommend this is used in future meta-analysis.  
 
Conclusion 
This meta-analysis suggests that there are possible associations between long working hours 
and adverse weight-related outcomes. Given the worldwide increasing prevalence of obesity 
and the potential negative effect of long working hours, it is important to focus on the health 
of employees who work longer hours. 
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